This study aimed to examine differences in the frequency of falls during the past year and fall risk among 392 elderly females was categorized into five groups on the basis of the knee pain experienced: no knee pain, mild unilateral knee pain, mild bilateral knee pain, severe unilateral knee pain, and severe bilateral knee pain. The subjects participated in a fall risk survey comprising 50 items representing five risk factors: "symptoms of falling", "disease and physical symptoms", "environment", "behavior and character", and "physical function". The frequency of falls during the past year, score for each risk factor, and the total fall risk score were not significantly different between the mild unilateral and mild bilateral knee pain groups, and between the severe unilateral and severe bilateral knee pain groups. Therefore, these groups were pooled to form a mild knee pain group and a severe knee pain group and analyzed. The severe knee pain group had experienced a significantly greater number of falls during the past year compared with the no knee pain group. Furthermore, the symptom of falling score was significantly higher in the severe knee pain group than in the no knee pain group, while the disease and physical symptoms score was significantly higher in the mild and severe knee pain groups than in the no knee pain group. The physical function score and total fall risk score were significantly higher in the following order: the severe knee pain group, the mild knee pain group, and the no knee pain group. Our results indicate that for elderly females who can achieve ADL independently, the degree of knee pain (mild or severe) has a marked effect on fall risk, irrespective of laterality of the pain (unilateral or bilateral). Factors such as symptoms of falling, disease and physical symptoms, and physical function are also related to fall risk in this population. Furthermore, elderly individuals with severe knee pain experience frequent falls.
Introduction
With advancing age, physical functions, such as leg strength, balance, and leg joint function, show a marked decrease, thus limiting activities of daily living (ADL) [1] [2] . A decrease in ADL in turn influences fall risk [3] [4] . Therefore, to avoid falls, it is very important to prevent a decrease in the ability to achieve ADL [5] [6] .
Advanced lower limb arthritis often develops in the knee joints [7] and increases the fall risk [8] . Among all the lower limb joints, the knee joint has the greatest load-bearing capacity [9] ; therefore, any impairment in this joint makes it difficult to walk or stand up, which represents the most basic physical ADL. However, there are individual differences in the degree of pain and severity of the condition among the elderly with knee joint pain. Tennant et al. [10] reported that 8% of elderly individuals had such severe knee pain that they require regular visits to a hospital or hospitalization. On the other hand, elderly individuals with mild knee pain who do not require regular visits to a hospital are considered to be an auxiliary group of the severe knee pain group [7] [11] [12] and account for approximately 20% of the elderly population [13] - [15] . In addition, elderly individuals with knee pain are divided into those with unilateral knee pain and bilateral knee pain. These groups may have different fall risks. Although many studies have focused on elderly individuals with severe pain [12] [16] [17] , few have examined the frequency of falls and fall risk among elderly individuals with knee pain, including mild knee pain. Moreover, it has been reported that elderly females have a high prevalence of knee pain [7] [18] .
This study aimed to examine differences in fall experiences during the past year and fall risk among elderly females without knee pain, mild unilateral or bilateral knee pain, and severe unilateral or bilateral knee pain.
Method

Participants
Even if the elderly have orthopedic abnormalities, approximately 50% do not feel subjective knee pain [7] [19] . Peat et al. [7] reported that it is necessary to focus on pain in the knee joints because it is common among the elderly and varies in type and cause. In this study, elderly individuals who selected Yes in response to the question "Do you have an articular disorder (ankle, knee, hip joint)? (choice: Yes and No)" and Right, Left, or Both in response to the question "Do you have knee pain or disorders? (choice: Right, Left, Both, and No)" were defined as patients with knee pain. Individuals who selected No in response to both questions were defined as those without knee pain. Mild and severe knee pain was judged using the Japanese edition knee function scale [20] on the basis of the Western Ontario and McMaster Universities Osteoarthritis Index [21] . According to this assessment, individuals with over 210 points and those with less than 210 points were judged to have severe knee pain and mild knee pain, respectively [18] .
After the above survey was administered to 1280 adults [age range, 29 -94 years; mean age, 72.6 years; standard deviation (SD), 8.7 years], 392 elderly females (age range, 60 -94 years; mean age, 72.8 years; SD, 6.8 years) were selected as participants (Investigation area: Fukui, Japan. Investigation period: 2012. 8 -2013.9 ). These included 225 without knee pain [no knee pain (G1) group], 71 with mild unilateral knee pain (G2 group), 35 with mild bilateral knee pain (G3 group), 34 with severe unilateral knee pain (G4), and 27 with severe bilateral knee pain (G5 group). The participants attended health classes or social educational activities hosted by municipal governments and engaged in social activities at least once per week or every alternate week. In short, they could independently perform ADL. The purpose and procedures of this study were explained in detail to all participants before their informed consent was obtained. 
Fall Risk Assessment
Demura's fall risk assessment [22] was used in this study ( Table 1) . This comprised 50 items representing the following five risk factors: "symptoms of falling" (3 items), "disease and physical symptoms" (13 items), "environment" (4 items), "behavior and character" (8 items), and "physical function" (22 items). All responses were on a dichotomous scale (Yes or No), with one point being assigned to each response that fell into the high-risk category. The scores for each risk factor and the subject's total fall risk score were used as evaluation parameters. A higher score was interpreted as a higher fall risk.
Statistical Analysis
Mean differences in each parameter were examined by ANCOVA using age as a covariate. Scheffe's test was used as a linear comparison test if a significant difference among mean values was found. The significance level was set at p < 0.05 and was adjusted by Scheffe's method. Table 2 shows the basic age statistics, Table 3 shows the basic statistics and results of fall frequencies during the past year for the five groups, and Table 4 shows the basic statistics and scores for each risk factor as well as the total fall risk score for the five groups. It was observed that mean age, fall frequency, scores for each risk factor, and the total fall risk score were not significantly different between the mild unilateral knee pain (G2) and mild bilateral knee pain (G3) groups and between the severe unilateral knee pain (G4) and severe bilateral knee pain (G5) groups. Therefore, these groups were pooled to form a mild knee pain group (G2 + G3) group and a severe knee pain (G4 + G5 group) and analyzed. One-way ANOVA revealed a significant difference in mean age among groups. Patients in the severe knee pain group (G4 + G5) were significantly older than those in the no knee pain and mild knee pain groups (G2 + G3). Furthermore, ANCOVA revealed a significant difference in the fall frequency among groups. A linear comparison test showed that the G4 + G5 group experienced a significantly greater number of falls compared with the G1 group. ANCOVA also revealed a significant difference in "symptoms of falling", "disease and physical symptoms", and "physical function" scores as well as the total fall risk score among groups. A linear comparison test showed that the symptoms of falling score was significantly higher in the G4 + G5 group than in the G1 group, whereas the disease and physical symptom score was significantly higher in the G2 + G3 and G4 + G5 groups than in the G1 group. The physical function score and total score were significantly higher in the following order: G4 + G5 group, G2 + G3 group, and G1 group. 
Results
Discussion
In this study, patients with unilateral or bilateral severe knee pain were older than those without knee pain. In an old age period, the functions of the locomotorium, including the knee joints, decrease markedly as age increases. The knee joints play an important role in supporting body weight [23] . Therefore, it is considered that osteoarthritis and arthritis occur because of an increased burden of body weight on the knee joints due to a decrease in leg muscle and bone density with age. Increasing strength around the knee joints by training and exercise that do not impose excessive burden on the knee joints is useful as a precaution to prevent the onset or exacerbation of knee pain [24] ; therefore, it is desirable, particularly for elderly individuals with severe knee pain, to rigorously engage in such training and/or exercise. The fall risk assessment used here [22] includes five risk factors and synthetically evaluates the risk of falling. The total fall risk score and the score for each risk factor were not significantly different between the mild unilateral and mild bilateral knee pain groups and between the severe unilateral and severe bilateral knee pain groups. Furthermore, although it was hypothesized that patients with bilateral knee pain would be at an increased risk of falling compared to patients with unilateral knee pain, this hypothesis was rejected. According to Mary and Tinetti [4] , a close relationship was found between walking ability and fall. Sugiura and Demura [23] reported that there was no significant difference in gait between the unilateral knee pain and bilateral knee pain groups in their study. From the present results, it appears that there is no significant difference in fall risk between elderly patients with unilateral knee pain and those with bilateral knee pain, irrespective of the degree of pain.
When the groups were unified into a mild knee pain group and a severe knee group and analyzed, it was found that the number of falls experienced during the past year was significantly greater in the severe knee pain group than in the no knee pain group, whereas it was comparable between the mild knee pain group and the no knee pain group. A limitation of this study was that falls from all causes, including knee pain and accidents, were included in this study. Therefore, it is not necessary adequately that all individuals with knee pain fell because of knee pain. However, despite the various causes, it was found that the participants with severe knee pain experienced a greater number of falls during the past year. This population is also considered to lack the ability to avert falls because of decreased knee extension strength [16] [23] .
The total fall risk score in our study was significantly higher in the following order: the severe knee pain group, the mild knee pain group, and the no knee pain group. Many factors influence fall risk. There are large individual differences in the role played by each factor; furthermore, a different combination of factors may be 0.40 0.00 G1 < G2, G3 < G4, G5 G1 < G2 + G3 < G4 + G5 present in individuals [8] . Therefore, it cannot be asserted that only knee pain affects fall. Our results showed that the number of falls was not significantly different between the mild knee pain group and the no knee pain group, although the risk of falling was higher in the former than in the latter. Patients in the mild knee pain group demonstrated superior ability to avert falls compared with patients in the severe knee pain group. However, elderly individuals with mild knee pain may have high fall risk and experience more falls in the future compared with those without knee pain. The symptoms of falling score was significantly higher in the severe knee pain group than in the no knee pain group. The cutoff value for high fall risk in the symptoms of falling factor is set at one point [25] , and the corresponding fall prevalence rate is 28% [26] . The symptoms of falling score for the severe knee pain group in this study exceeded one point (severe unilateral pain, 1.2 points; severe bilateral knee pain, 1.5 points). Taken together, it was found that one out of four persons had a risk of falling.
The disease and physical symptoms score was significantly higher in the mild and severe knee pain groups than in the no pain group. Because the presence or absence of lower limb joint pain is included among the items constituting this factor (see Table 1 ), it is possible that the group difference occurred because of the effect of the answers. However, the disease and physical symptoms score for the severe knee pain group was almost 2 points higher than the score for the no knee pain group. Taken together, elderly individuals with severe knee pain may have other diseases and physical symptoms in addition to knee pain. A decrease in visual and/or auditory acuity and osteoporosis may also have affected this score because patients in the severe knee pain group were older than those in the no knee pain group. Scores for the environment factor and behavior and character factor were not significantly different among groups. As stated above, subjects in this study were grouped by the degree of the pain and laterality of pain. Our results suggested that knee pain was not related to the above two factors. These items (see Table 1 ) can be improved by individual awareness. Elderly individuals with knee pain may decrease their fall risk by improving the aspects indicated in the items constituting the environment and behavior and character factors.
The physical function score as well as the total fall risk score was significantly higher in the following order: severe knee pain group, mild knee pain group, and no knee pain group. A decrease in ADL ability is considered to be a major factor underlying falls [3] [4] . In short, it is inferred that physical function is affected by the degree of knee pain [27] . The ability to achieve ADL is improved by a decrease in knee pain and a consequent decrease in fall risk. On the other hand, the symptoms worsen with continuing knee pain and may increase fall risk. It is important to decrease knee pain and improve the ability to achieve ADL independently.
Conclusion
For elderly females who can achieve ADL independently, the degree of knee pain (mild or severe) has a marked effect on fall risk; however, the laterality of pain (unilateral or bilateral) does not relate to this risk. Elderly individuals with severe knee pain may experience frequent falls, and the risk of falling in these individuals is largely affected by factors such as symptoms of falling, disease and physical symptoms, and physical function. Meanwhile, elderly individuals with mild knee pain and fewer fall experiences may fall by the effects of the above risk factors.
